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Introduction: As a successor to Haiyang-2A (HY-2A), HY-2B is China’s second
marine dynamic satellite. Equipped with a scanning microwave radiometer (SMR),
it can measure the precipitable water vapor (PWV) over the oceans, providing
valuable climate and weather insights. This study aims to evaluate the accuracy of
HY-2B SMR PWV data from January 2019 to December 2021 using various
validation methods.

Methods: to validate HY-2B SMR PWV, fifth-generation European Centre for
Medium-Range Weather Forecasts (ECMWF) reanalysis (ERA5) data, radiosonde
data, and global navigation satellite system (GNSS) observations are used.

Results: the validation shows that the HY-2B SMR PWV data agree well with the
ERA5 PWV data, with a root mean square error (RMSE) of 1.61 mm and a mean
value of 0.71 mm. However, RMSEs of approximately 3.5 mm are observed when
comparing the HY-2B SMR PWV data to GNSS and radiosonde data, likely due to
temporal and spatial gaps. Geographically, there are greater differences between
the HY-2B SMR and ERA5 in lower-latitude areas. The reason could be attributed
to a higher water vapor content and more frequent cloudy weather in the areas.

Discussion: The results demonstrate that the HY-2B SMR PWVmeets requirement
(RMSE≤3.5 mm). The HY-2B SMR PWV has a high quality, with a slight
observational drift of only 0.1 mm/year, but regular validation and calibration
are still necessary.
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1 Introduction

Despite accounting for less than 5% of the atmosphere, water vapor plays a crucial role in
the hydrologic cycle, global energy balance, and climate change processes (Held and Soden,
2000; Galewsky et al., 2016). In addition, it also serves as the primary source of error in
geodetic measurements such as satellite altimetry (Wu et al., 2022), the global navigation
satellite system (GNSS) (Wang and Liu, 2019), and very long baseline interferometry (VLBI)
(Nilsson and Haas, 2010), resulting in a vertical delay of approximately 25 cm (Böhm and
Schuh, 2013). With the ocean making up 71% of the Earth’s surface and supplying over 80%
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of the atmospheric water vapor, accurately retrieving the water
vapor over oceans is very important.

Various technologies, such as radiosounding (Durre et al., 2006),
GNSS meteorology (Bevis et al., 1992), and satellite remote sensing
(He and Liu, 2019), can be used to observe water vapor. However,
due to the complex ocean environment, in situ measurements are
difficult to obtain (Wang et al., 2019). As a result, satellite remote
sensing has become the main method for obtaining ocean-
atmosphere observations. Satellite-borne remote sensing
technology can be divided into two types which includes satellite-
borne optical sensors and microwave sensors (NelsonCrisp et al.,
2016). Near-infrared sensors (Kaufman and Gao, 1992; Gao and
Kaufman, 2003; He and Liu, 2019) and infrared sensors (Aoki and
Inoue, 1982; Knabb and Fuelberg, 1997) are commonly used in
optical remote sensing, and can provide high-resolution
(1 km–5 km) and accurate measurements of the precipitable
water vapor (PWV) over oceans in clear weather (Ji and Shi,
2014). However, the performance of water vapor estimates is
adversely affected in cloudy weather, as the retrieving algorithms
of optical sensors are sensitive to clouds (Li and Long, 2020).

Satellite-borne microwave sensors are able to observe the
atmosphere over the ocean through clouds due to their long
wavelength. Several satellite-borne microwave radiometers, such
as Scanning Multichannel Microwave Radiometer (SMMR)
(Wilheit et al., 1984), Advanced Microwave Scanning
Radiometer-Earth Observing System (AMSR-E) (Kawanishi et al.,
2003; Du et al., 2014), WindSat (Gaiser et al., 2004), and Fengyun-
3D (FY-3D) (Du et al., 2020), have been launched for this purpose.
Algorithms for retrieving PWV include statistical, physical radiative
transfer (RT) model, and machine learning approaches. Statistical
approaches directly establish a regression equation between the
brightness temperature (TB) and atmospheric water vapor, which
requires fewer parameters and has a simple algorithm but lacks
physical meaning and applicability to other fields (Alishouse et al.,
1990; Schulz et al., 1993). Physical methods are based on the
substantiated physical principles method, which has a high
theoretical accuracy and clear physical significance, but technical
limitations make inversion difficult (Tjemkes et al., 1991; Wentz,
1997). Machine learning can provide an the optimal solution but it
does not capture the physical relationship between inputs and
outputs (Bonafoni et al., 2011; Zabolotskikh and Chapron, 2017).
These algorithms have achieved high accuracy in measuring PWV
over the oceans, which has enabled the successful applications of
microwave satellites in numerical weather prediction (NWP) and
extreme weather forecasting (Kazumori et al., 2016; Xiao et al.,
2020).

The PWV algorithm is typically developed prior to the launch of
a satellite, and the satellite sensors gradually lose radiometric
sensitivity and stability over time (Yang et al., 2013). Therefore,
in-flight validation is necessary, which is done through numerical
studies based on European Centre for Medium-Range Weather
Forecasts (ECMWF) products, GNSS observations, and
radiosonde data (Wentz, 1997; Wentz et al., 2005; Obligis et al.,
2006; Chen et al., 2018). Haiyang-2B (HY-2B) is China’s second
marine dynamic environment satellite (Yu et al., 2021). Liu et al.
validated the HY-2B SMR PWV from November 2018 to 31 August
2019, which revealed a standard deviation (STD) of 1.23 mm
compared to the standard WindSat products (Liu et al., 2021).

While previous studies have mainly focused on validating the
HY-2B SST products, few studies have been conducted on the
HY-2B SMR PWV products (Liu et al., 2016; Zhou et al., 2019;
Zhang et al., 2020; Liu et al., 2021). Validation of the HY-2B SMR
PWV is crucial for its use in NWP, weather forecasting, and climate
change research. This study assesses 3-year PWV products of the
HY-2B SMR from 1 January 2019, to 31 December 2021, using fifth-
generation ECMWF reanalysis (ERA5) products, GNSS
observations, and radiosonde data.

Section 2 provides an overview of the HY-2B SMR PWV,
ERA5 products, GNSS observations, and radiosonde data. Section
3 presents our findings and analyses, including an assessment of the
overall agreement, the temporal and spatial characteristics of the
HY-2B SMR PWV, and validation results based on the GNSS and
radiosonde data. Section 4 summarizes the main achievements and
our future work.

2 Materials and methods

2.1 Haiyang-2B scanning microwave
radiometer

The HY-2 series satellites are Chinese satellites designed to
monitor the marine environment. They were developed by the
National Satellite Ocean Applications Service (NSOAS). The first
satellite in the series, HY-2A, was launched in August 2011. The
scientific mission of the HY-2A satellite ended in November 2020,
and the HY-2B satellite was launched on 25 October 2018. More
recently, HY-2C and HY-2D were launched successfully in 2020 and
2021, respectively. Together, they form a satellite observation
constellation over the oceans (Wentz, 1997).

HY-2B operates in a sun-synchronous orbit at a height of
967 km with an inclination of 99.3°, and it has a repeat cycle of
14 days. The HY-2B SMR, designed to operate for 5 years, is a
linearly polarized passive microwave radiometer that can measure
the atmosphere and surface. It has a swath of approximately
1,600 km and an earth incidence angle of 53.15°, which allows it
to cover 90% of the Earth in 1 day. The working frequencies for the
HY-2B SMR are 6.925, 10.7, 18.7, 23.8, and 37 GHz, and the
footprint size of each channel ranges from 19 km ×
31 km–73 km × 109 km. For more detailed specifications of the
SMR, please refer to Table 1. The retrieval algorithm is based on a
log-linear regression with multichannel observations, i.e., TB.

HY-2B SMR PWVproducts are generated and distributed by the
NSOAS, and are available at https://osdds.nsoas.org.cn/. In this
article, HY-2B SMR level-2D PWV data from January 2019 to
December 2021 (cycle 5 to cycle 83) are used. The monthly
average PWV values of the HY-2B SMR in September 2020 are
shown in Figure 1. The monthly global water vapor ranges from 0 to
70 mm, and the water vapor content in tropical areas is much higher
than that in high-latitude regions.

Additionally, PWV data from the HY-2A SMR and Global
Precipitation Measurement (GPM) Microwave Imager (GMI) are
also compared for validation. The HY-2A orbits at a similar altitude
as the HY-2B (971 km) and has the same five working frequencies
(6.6, 10.7, 18.7, 23.8, and 37 GHz) as the HY-2B except for the
frequency of 6.6 GHz (Liu et al., 2021). The NSOAS has generated
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and distributed HY-2A SMR PWV products for January to
December 2014, but they are not publicly available at https://
osdds.nsoas.org.cn/. Personal requests can be made to obtain them.

The GPM mission, jointly launched by the U.S. National
Aeronautics and Space Administration (NASA) and Japan
Aerospace Exploration Agency (JAXA), aims to standardize and
advance global precipitation measurements (Zhang et al., 2020). The
GPM core observatory was launched in February 2014 and operates
at an inclination of 99.3° and a height of 407 km. The GMI has
13 channels ranging from 10.6 GHz to 183.31 GHz (Zhou et al.,
2019). Daily GMI PWV products from 2019 to 2021 are used, and
they can be accessed at http://www.remss.com/missions/gmi/.

2.2 Observations used for validation

In this study, ECMWF ERA5 PWV products are used to
validate the HY-2B SMR PWV data. The ECMWF generates
and maintains the largest archive of NWP, and ERA5 is the
latest version of high-quality atmosphere reanalysis data (Wentz
et al., 2005). The total column water vapor (TCWV) product from
ERA5 with a temporal resolution of 1 h, and a horizontal
resolution of 0.25° × 0.25° is utilized as the reference. To obtain
the PWV values for the HY-2B SMR that corresponds to the same

coordinates and time, we employ bilinear interpolation in the
horizontal direction and cubic spline interpolation in the temporal
domain. Since the ERA5 PWV product represents the water vapor
content of the entire atmosphere, we directly compare the two
datasets in the vertical direction.

GNSS observations are utilized to validate the HY-2B PWV
products, which consist of coastal ground-based and shipborne
GNSS observations. To ensure the accuracy of the validation
process, GNSS sites provided by the International GNSS Service
(IGS) are selected if they meet the following criteria: a distance of
less than 50 km and time difference of less than 5 min compared to the
HY-2B SMR observations. This selection process results in a total of
242GNSS sites, and their geographical distribution is shown by red stars
in Figure 2. Additionally, shipborne GNSS observations from day of
year 236–253 in 2021 are included, and their trajectory is illustrated as
black circles in Figure 2.

The IGS offers zenith total delay (ZTD) products for ground-based
GNSS observations, which can be accessed at http://www.igs.org/
products. Shipborne GNSS ZTDs are obtained using GNSS +
Research, Application and Teaching (GREAT) (Li et al., 2021). To
calculate the zenith wet delay (ZWD), the zenith hydrostatic delay is
subtracted using the Saastamoinen model (Saastamoinen, 1972). The
ZWD is then used to determine the precipitable water vapor (PWV)
values using a conversion factor (Bevis et al., 1992), and meteorological
parameters are provided by GPT3 (Landskron and Böhm, 2018).

Coastal radiosonde profiles are also used to validate the HY-2B
SMR PWV products. In this work, the quality-assured radiosonde
observations provided by the Integrated Global Radiosonde Archive
(IGRA) are utilized. The selected radiosonde sites are those that
exhibit a distance of 50 km or less between the ground radiosonde
stations observations and the HY-2B SMR data. In addition, a
threshold of 2 h is set since coastal radiosondes cannot provide all-
day observations. Finally, 418 radiosonde sites are selected, as shown
in Figure 2 (in green crosses).

2.3 Validation method

PWV matchup values obtained from the HY-2B SMR are based
on the locations of the GNSS/radiosonde sites and ERA5 grid, as the

TABLE 1 Main specifications of the Haiyang-2B (HY-2B) scanning microwave radiometer.

Frequency 6.925 GHz 10.7 GHz 18.7 GHz 23.8 GHz 37 GHz

Polarization V/H V/H V/H V V/H

Footprint size 73 ×109 km 55×82 km 33 × 55 km 28 × 47 km 19 × 31 km

Dynamic range 2.7–350 K

Calibration accuracy ≤1 K

Scanning method Conical scanning

Swath >1,600 km

Mission lifetime 5 years

Incidence angle 53.15°

PWV accuracy requirement 3.5 mm

FIGURE 1
Monthly averaged water vapor in September 2020 derived from
the Haiyang-2B scanning microwave radiometer.
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FIGURE 2
Geophysical distribution of GNSS sites and radiosondes. In the panel, the red stars represent the coastal GNSS stations, the green crosses refer to the
ground-launched radiosondes, and the black circles represent shipborne GNSS observations.

FIGURE 3
Scatter diagramof the ERA5 PWV versus theHY-2B PWV (A), GMI PWV (B) andHY-2A PWV (C) products. The dashed red line is the fitted line between
the HY-2B SMR PWV products and ERA5 PWV, and the solid red line represents the simulated line of y = x. The black points represent valid values, and red
points represent outliers.
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previously-mentioned criteria. Prior to the evaluation, PWV values
greater than 90 mm are excluded. Outliers that may result from
instrumental, record or processing errors are also removed from the
datasets. These outliers are identified when the absolute differences
between their values and the mean value are greater than three times
the STD. To quantitatively evaluate the performance of the HY-2B
SMR PWV, five statistical metrics are employed: correlation
coefficient, mean value, STD, root mean square error (RMSE),
and relative error. Scatter plots are used to analyze the variations
between HY-2B SMR PWV and reference data.

3 Results and discussion

In this section, the assessment results of the HY-2B SMR PWV
product based on the ERA5 water vapor data are presented. The detailed
PWV agreement between the HY-2B SMR and ERA5 PWV is
investigated, and HY-2A and GMI PWV are also validated by
ERA5 PWV products. The spatial and temporal characteristics of
SMR water vapor retrievals are also analyzed. In addition, GNSS
observations and radiosonde data are also used to validate the HY-2B
SMR PWV product.

3.1 Assessment of HY-2B scanning
microwave radiometer water vapor

Before the comparison, the mean value and STD between the
HY-2B SMR PWV and ERA5 products are obtained. Figure 3A
shows the validation results based on the ERA5 product, and
statistical analysis is conducted after applying the three-STDs
criterion, i.e., HY-2B PWV values greater than three STD values
of the mean value are excluded (red points in the figure). In this
study, the differences are the HY-2B SMR PWV values minus
ERA5 data.

TABLE 2 PWV difference between HY-2B SMR and ERA5 PWV under different wind speed.

Wind speed Mean (mm) STD (mm) RMSE (mm) Number

≤4 m/s 0.34 1.28 1.33 1,223,361

4–8 m/s 0.17 1.03 1.05 5,261,658

8–12 m/s 0.77 0.99 1.25 3,128,586

12–16 m/s 0.95 1.50 1.78 1,116,434

≥16 m/s 1.06 1.47 1.81 261,113

TABLE 3 PWV difference between HY-2B SMR and ERA5 PWV under different cloud liquid water content.

Cloud liquid water Mean (mm) STD (mm) RMSE (mm) Number

≤0.3 kg/m2 0.71 1.39 1.56 4,090,679

0.03–0.05 kg/m2 0.72 1.44 1.61 2,433,580

0.05–0.3 kg/m2 0.69 1.45 1.60 4,465,519

0.3–0.5 kg/m2 0.72 2.46 2.56 735

≥0.5 kg/m2 0.45 2.74 2.77 639

TABLE 4 PWV difference between HY-2B SMR and ERA5 PWV in different
regions.

Region Mean value (mm) STD (mm) RMSE (mm)

Tropical 1.47 1.78 2.31

Mid-latitude 0.45 1.23 1.31

Polar Area 0.11 0.98 0.99

Global 0.71 1.45 1.61

FIGURE 4
Monthly difference in the HY-2B SMR PWV and ERA5 PWV
products. Circles represent the mean values, stars represent the STD
values and triangles represent the RMSE values, respectively.
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The HY-2B SMR PWV demonstrates good agreement with the
ERA5 PWV product, with an RMSE of 1.61 mm and a mean value of
0.71 mm. However, during the first 3 years, the HY-2B SMR is larger
than that of the ERA5 PWV data. The correlation coefficient
between HY-2B SMR PWV and ECMWF is 0.99, indicating a
very high positive correlation. The relative error of HY-2B is
7.01%. Additionally, the fitted line (dashed red line) closely aligns
with the simulated line (solid red line), further confirming the good
agreement between the HY-2B SMR PWV and the ERA5 PWV
products. Non-etheless, it is important to note that some significant
deviations (red points) still exist between the ERA5 and HY-2B
PWV products in Figure 3A, though they only represent less than
0.5% of the total comparison points.

In addition, the PWV values from the GMI and HY-2A are also
validated by ERA5 data as a comparison, which is shown in Figure 3B,
C, respectively. The GMI PWV agrees better with the ERA5 PWV than
does the HY-2B PWV, with an RMSE of 1.53 mm and a mean value of
0.65 mm. TheGMI PWVdata aremore stable, likely due tomore stable
onboard equipment and fewer observations with large errors.
Moreover, it can be found that the HY-2A PWV product performs
worse than the other satellite-measured PWV product, with an RMSE
of 2.23 mm and a mean value of 0.82 mm. In addition, the HY-2A
PWV showsmanymore outliers and a larger relative error (8.88%). The
HY-2A PWV retrieval algorithm is similar to that of the HY-2B PWV
(Wang, 2014; Lin and Jia, 2022), and the instrumentation of the HY-2A
may face unexpected problems in the space environment. The HY-2B
improves the quality of onboard SMR and obtains more accurate PWV
measurements.

Furthermore, we examined the PWV discrepancy between the
HY-2B SMR and ERA5 products across varying environmental
conditions, including cloud liquid water content and wind speed,
which significantly impact the retrieval accuracy of the HY-2B SMR
PWV. Statistical analyses of the differences between the HY-2B SMR
PWV and ERA5 data under distinct environmental conditions are
presented in Table 2 and Table 3. Table 2 shows that the PWV
discrepancies between the HY-2B SMR and ERA5 PWV are notably

greater under high wind speeds larger than 16 m/s, which yields an
RMSE of 1.81 mm and an average of over 1 mm. However, PWV
differences are minimal under wind speeds ranging from 4 to 8 m/s,
with an average of 0.17 mm and an RMSE of 1.05 mm. Additionally,
as indicated in Table 3, PWV differences escalate with an increase in
cloud liquid water (CLW) content, with PWV differences exceeding a
2.5 mm RMSE under CLW conditions of over 0.3 kg/m2.

3.2 Spatial and temporal analyses of water
vapor retrievals

To get the knowledge of the spatial characteristics of the HY-2B
SMR PWV data, three different study areas are selected according to the
range of latitude which include polar (>66.5°), mid-latitude (23.5°–66.5°),
and tropical (23.5°N-23.5°S) areas. Table 4 shows the statistical analysis
of the differences between the HY-2B SMR PWV and ERA5 data,
including the mean values, STD, and RMSE. In tropical regions, the
RMSE is 2.31 mm with a mean value of 1.47 mm. In contrast, in polar
regions, the RMSE is less than 1 mmwith amean value of 0.11 mm. The
agreement between datasets is higher at lower latitudes compared to
higher latitudes. These results are consistent with those of previous
studies, potentially because of high PWV content in these regions (Chen
and Liu, 2016; Wu et al., 2020). In addition, rainfall can decrease the
clarity of the atmosphere, especially at higher frequencies like 37 GHz.
This can restrict observations made through vertical and horizontal
polarization channels, and affect measurements of PWV obtained by
satellite-based microwave radiometers. Rainy and cloudy weather is
more prevalent in tropical regions, which could be another contributing
factor (Wentz, 1997; Wang et al., 2020).

To examine the variation in the HY-2B SMR PWV over time, we
compare the differences between the HY-2B SMR PWV and the
ERA5 PWV product for each month from January 2019 to
December 2021. The monthly comparison results are presented
in Figure 4. The mean values remain stable during the first 3 years.
The STDs reveal an annual variation, increasing in the first half of

FIGURE 5
Monthly differences between the HY-2B SMR PWV and ERA5 PWV products in different regions. The blue circle represents the result in the tropical
area, the red star represents the mid-latitude area and the yellow triangle represents the RMSE value. (A) shows the mean value and (B) shows the STD
value.
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the year and decreasing in the latter half. The RMSE values show an
increasing trend, from approximately 1.5 mm to over 1.7 mm. The
mean RMSE values for 2019, 2020, and 2021 are 1.54 mm, 1.62 mm,
and 1.72 mm, respectively. Assuming the stability and accuracy of
ECMWF, the observation drift refers to the annual variation of
RMSE. Our results indicate a slight observational drift of 0.1 mm/
year in the HY-2B SMR PWV, which is currently negligible, but
regular validation and calibration are necessary.

Furthermore, we also examine the temporal variations in the
HY-2B SMR PWV across the three regions. Monthly variations are
displayed in Figure 5, presenting both the mean and standard
deviation (STD) values. Notably, the STD values in tropical areas
are significantly higher than those in the other two regions.
Additionally, the temporal variation in the STD in polar areas is
more pronounced, exhibiting an annual pattern. Regarding the
mean values, we observe that HY-2B SMR PWV values in Polar
areas are higher in summer and lower in other seasons compared to
the ERA5 product. Conversely, in tropical areas, the mean values
indicate an increasing trend.

Moreover, the global distributions of the yearly average
differences between the HY-2B SMR PWV and ERA5 from
2019 to 2021 are obtained to show the annual variation in the
HY-2B SMR products globally, as shown in Figure 6. The HY-2B
SMR PWV products are larger than the ERA5 data in tropical
areas, while they are not obvious in other areas. The reason
possible be that areas with frequent cloudy and rainy weather are
more likely to have retrieval results that are affected (Wentz,
1997). In addition, the STD values are greater in tropical areas
and smaller in other regions. The annual variation over the
3 years is not obvious, which implies the stability and high
accuracy of the HY-2B SMR PWV products.

3.3 Validation based on GNSS observations

GNSS-derived PWV values are used to validate the HY-2B
SMR PWV product, which is comprised of ground-based and
shipborne GNSS PWV. Figure 7A shows a comparison between

FIGURE 6
The global distribution of PWV differences between the HY-2B SMR and ERA5 PWV products. The left panel represents themean value betweenHY-
2B SMR and ERA5, and the right panel represents the STD value. (A, B) represent the results of 2019, (C, D) represent the results of 2020, and (E, F)
represent the results of 2021.
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ground-based GNSS PWV and HY-2B SMR products, with red
points (those exceeding the three-STDs criterion) removed. The
RMSE of the differences is 3.41 mm, indicating a systematic bias
of 1.03 mm within 50 km. The correlation coefficient is 0.97,
suggesting good agreement between the HY-2B PWV and
ground-based GNSS PWV. However, the validation based on

the ground-based GNSS PWV is larger than that based on the
ERA5 PWV data mainly due to spatial and temporal gaps.

Additionally, GNSS PWV values collected onboard ships are
utilized, and their results are presented in Figure 7B. The findings
demonstrate that the agreement between the shipborne GNSS PWV
and HY-2B SMR PWV data is superior to that between ground-
based GNSS PWV and HY-2B SMR PWV data, with an RMSE of
2.59 mm and a mean value of 0.3 mm. However, as both the ships
and the satellite are mobile platforms, and the shipborne GNSS
experiment only lasted for 17 days, there are only a few crossover
points available.

3.4 Validation based on coastal radiosondes
data

In addition, we evaluate the HY-2B SMR PWV data using
coastal radiosonde data, and the results of this comparison are
shown in Figure 8. Overall, the HY-2B and radiosonde data differ by
an average RMSE of 3.61 mm, with a mean difference of 0.97 mm.
The two sets of data are highly correlated, with a correlation
coefficient of 0.97, and the fitted line closely follows the reference
line (y=x). It is worth noting that the mean difference is larger than
that obtained using ground-based GNSS PWV, partly due to the
longer temporal gap between the datasets.

4 Conclusion

The atmospheric water vapor over the oceans plays a critical role
in geodetic measurements, climate systems, and weather processes.
HY-2B, China’s second marine dynamic satellite, is equipped with

FIGURE 7
Scatter diagram of HY-2B PWV versus ground-based GNSS PWV (A), and shipborne GNSS PWV (B). The dashed red line is the fitted line between the
HY-2B SMR PWV products and the GNSS PWV, and the solid red line represents the simulated line of y = x. The black points represent valid values, and the
red points represent outliers.

FIGURE 8
Scatter diagram of HY-2B PWV versus radiosonde PWV. The
dashed red line is the fitted line between the HY-2B SMR PWV
products and radiosonde PWV, and the solid red line represents the
simulated line of y = x. The black points represent valid values,
and red points represent outliers.
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an SMR that allows it to measure water vapor over the oceans. It is
therefore essential to validate the accuracy of the HY-2B SMR PWV
for its application in geodetic and meteorological fields.

To this end, this study evaluates 3 years of HY-2B SMR PWV
data from 1 January 2019, to 31 December 2021, using ERA5 PWV
products. The results show that the difference between the HY-2B
SMR and ERA5 has a RMSE of 1.61 mm and a 0.71 mm mean
value. The GMI PWV and HY-2A PWV are also evaluated, with
GMI PWV demonstrating better agreement than HY-2A and HY-
2B PWV. Furthermore, the difference in PWV Precipitable Water
Vapor between HY-2B SMR and ERA5 products is analyzed across
varying levels of cloud liquid water content and wind speed. The
examination reveals greater discrepancies at higher levels of water
vapor content and wind speeds. Additionally, PWV values derived
from GNSS and radiosonde data are used to validate the HY-2B
PWV, which both show an agreement with an RMSE of
approximately 3.5 mm. The results reveal obvious spatial
characteristics, with smaller differences observed in high-
latitude areas and greater differences in lower-latitude areas,
which could be attributed to a higher water vapor content and
more frequent cloudy weather in the areas. Temporally, the
accuracy of HY-2B SMR PWV remains stable during the first
3 years, with only a slight observational drift of 0.1 mm/year.
Overall, the assessment shows that the HY-2B SMR PWV meets
the requirements and can be applied to geodetic and
meteorological fields. Nevertheless, regular validation and
calibration for the HY-2B are still essential.

The PWV products provided by the NSOAS are generated
based on a linear regression model. However, the relationship
between water vapor and the measured TB of different channels
is complicated and affected by other parameters. In the future, we
plan to investigate the use of a deep learning model to retrieve
water vapor data over the oceans. Additionally, since the HY-2B
SMR provides only the PWV over the oceans, it is necessary to
retrieve high-accuracy PWV data over land based on the HY-2B
SMR, as the current PWV measurements over land are not
sufficiently accurate and significantly limit the application of
HY-2B SMR products.
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